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Mortality Causes in British Barn Owls (Tyto alba), Based on 1,101 Carcasses
Examined During 1863-1996

f. Newton. 1. Wyllie. and L. Dale’

Abstract.—During 1963-1998, 1,101 Barn Owl 1Tyto atba) carcasses
were received for autopsy and chemical analysis. Much larger
numbers were received per month outslde the breeding season than
within it. A peak in the monthly mortality of first year birds occurred
in autumn {November] and a peak in the mortality of adults in lale
winter {March).

The main causes of recorded deaths werc coilisions {mostly with road
traffic) and starvation. No great seasonal variatlon occurred in the
main causes of recorded deaths. Among accident victims, the inean
weight of femnales {305 g) was about 5 percent greater than that of
males {291 g). Most starved birds of both sexes weighed less than
240 g.

Organochiorine pesticide victims formed 20 percent of ail dead Barn
Owls cbtained during 1963-1970, and a decreasing proportion
thereafter. None was recorded after 1976 when the use of aldrin/

dieldrin was greatly curtailed. During the 1980s and 1990s.
increasing proportions of birds contained residues of second
generation rodenticides, but relaljvely few at sufficlent level te have

caused their death,

Although the numbers of Barn Owls {Tyto alba)
breedlng in Britain and some other parts of
western Europe have declined during the pres-
ent century, there is no consensus view of the
underlying causes. Changes in agriculture,
notably the reduction in area of rough grass-
land and its associated Microtus voles, have
prebably greatly reduced the food-supply of the
species. At the same time, in some reglons, the
loss of old trees and farm buildings that pro-
vided nest sites might have reduced Barn Owl
numbers below the level that the contemporary
food-supply would permit, as might the in-
creased mortality imposed by road traffic and
pesticides (Bunn et al. 1982, de Bruiin 1994,
Shawyer 1987, Taylor 1994), In this paper, we
present information on the causes of death of
1.101 Barn Owis found dead in Britain during
1963-1996, and sent to Monks Wood Research
Station for study. We focus on organochilorine
pesticides, notably aldrin and dieldrin, as a
major cause of Barn Owl deaths during the
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1960s and 1970s, and on new rodenticides as
increasing contaminants during the 1980s and
1990s. The rodenticides concerned include
difenacourmn, bromadiclone, brodifacoum, and
flocoumafen, all of which are marketed under
several different trade names,

Findings on carcasses analyzed to 1989 were
summarized by Newton et a{. {1991}, Since
that date the number of Barn Owl carcasses
recelved has increased from 627 to 1,101, and
some causes of death have changed in impor-
tance. Other studies of mortality in British
Barn Owls have been reported by Shawyer
{1987}, based on 629 specimens found during
1982-1986, and by Glue (1971}, based on 320
ring recoveries, covering the pericd 1909-1970,

PROCEDURE

Carcasses were obtalned from most parts of
Britain, In response to regular advertisements
placed in ernithological magazines and journ-
als. All carcasses were requested, regardless of
the cause of death. On receipt, each carcass
was welghed, marked and then stored at -20°C

until it could be examined, up to several
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months later. Age classes (juvenile or aduly)
were diagnosed from 1988 onwards, mainly on
plumage. Juveniles (in their first year} had
unabraded primaries of uniform bleom, more
pointed than those of adults, and cutermoest
primary feathers {number t1, small and hid-
den) that were pure while, not grey. Some also
had fault bars running in the same position
across all tail feathers. On dissectlon, juvenile
females before the breeding season had a thin
stralght oviduct, rather than the thicker con-
voluted oviduct of a bird that had laid. Birds of
all ages were sexed by their gonads, but most
males had fewer dark spots on the underside
than females. Not ail specimens could be aged
or sexed. however, because some had been
previcusly skinned or were badly damaged.
Full information was therefore not obtained
from every bird, which is one reason why the
totals glven in the different tabies and figures
of this paper vary.

For autopsy, the unfrozen carcass was opened
up and examined for any obvious parasites,
lesions or other abnormalities. The findings
were used, along with informatien from the
sender, to diagnose the cause of death. Typ-
ically. collision victims had extenslve bruising
and broken beones, and many were found at
roadsides indlcating that they were traffic
victims. Starved birds were low in weight, with
wasted breast muscies, no body fat, and empty
blackened or greenish inteslines. Diseased
birds showed cbvious lesions, particularly in
Liver. kidneys or lungs, or contained parasites;
and many werc also thin., Shot birds contained
lead peilets or pellet wounds. Diagnosis of
other mortality causes, such as drowning and
electrocution, was dependent primarily on
information from the sender. together with the
lack of any confltcting evidence from autopsy.
ldentification of pesticide or redenticide victims
was dependent mainly on chemical analysis,
together with the lack of any other obvious
mortality cause. Some organochlorine victims
that were found still alive were reported to die
in spasms, For certain birds (8.4 percent of the
total), in the absence of any evidence, the cause
of death was classed as ‘unknown'.

Many of the birds examined showed signs of
hemorrhaging, which differed according to
cause of death. Accident victims typlcally bled
heavily around the site of impact, while some
organochlorine victims showed hemorrhaging
of certain internai organs. including brain,
lungs, heart, and foregut {(Newton et al. 1982).
300

Other work reveaied that rodenticide victims
typically showed faint subcutaneous bleeding
aleng the keel and on the skull, and external
bleeding around the leg joints and beak
(Newton et al. t990). However. some organo-
chlorine and rodenticide victitms showed no
cbvious bleeding. Hemorrhaging was therefore
not used as the soie diagnosis of any mortaiity
cause, only along with other evidence, includ.
ing chernical analysis.

After autopsy, a piece of liver was rermoved and
analyzed for organochlorine residues of DDE
{from the insecticide DDT), HECD (from the
insecticides aldrin and dieldrin), HE (from the
insectictde heptachlor} and PCBs {poiychlorin-
ated biphenyls from various industrial pro-
ducts} {for metheds of analysis. see Newton et
al. 1990). Organochlorine analyses almost
ceased after 1§77, partly on grounds of cost,
when residues fell to smali Jevels after the last
major restriction in 1976 in aldrin-dieldrin use.
Only a random sample of 50 livers was ana-
iyzed for organochlorines after 1977, Although
restdues were detected in all these livers, the
jevels were low, invariably less than one tenth
of the levels normaily associated with death.

After considering the availabie data, Cocke et
al. {1981} concluded for varicus birds of prey
that a concentration in lver of 1C ppm or more
HEQOD lin wet weight} or 100 ppm or more DDE
could be taken as indicalive of organochlorine
poisoning. Little information is availabie for
heptachlor, but De Witt e¢ al. (1960) found 6-20
ppm HE in tissues of various birds poisoned by
this chemical. Organcchiorine victims often
showed other symptoms, however, such as in-
ternal hemorrhaging (Newton et al. 1982} and
usually died with muscle tremors or cenvul-
sions,

Specific information on the HEOD levels in
livers of owls that had died of dieldrin poison-
ing was oblained at the London Zeo, where in a
30-month period 55 owis of 21 species died
{Jones et al. 1978). Their deaths were traced to
high dieldrin levels in the mice that they were
fed, the mice having been kept on sawdust bed-
ding derived from dleldrin-treated dmber. Of
22 obvicus dieldrin casualties that were ana-
lyzed, HEQD levels In lver ranged between 13
and 46 ppmn, with a geometric mean of 29 ppm.

SBince 1983, iiver samples were analyzed for
residues of 'second generation' anticoaguiant




rodenticides, namely bromadiolone, difenia-
count, brodifacoum, and flocoumafen, which
have been implicated in Barn Owl mortality
(Newton et al. 1830, Shawyer 1987). Little
information is available on liver residue levels
assoclated with death in Barn Owls, but some
figures are given later in this paper, to be
added to the figures of 0.5-1.3 ppm given for
brodifacoum by Newton et al. {1990), 0.3-1.7
ppm given by Wyliie {1998) for bromodialone,
and 0.9 ppm for flocoumnafen given by Newton
et al, (1994},

RESULTS
Annual Cycle

Although Barn Owls in Britain can be found
breeding In all months from February to
November, depending on vole abundance, most
breeding activity occurs in April-August {Bunn
et al. 1982, Hardy et al. 1982, Shawyer 1887,
Taylor 1989}

Many more carcasses were recelved outside the
breeding season than within it ifig. 1}. Monthly
nurabers rose from August to November and
remained at high level until March, declining
thereafter to a low in May-July. Birds were
aged {as juvenile to 31 July the next year and
as adult thereafier) on a systematic basis only
from 1988. From then on, in nine complete
years juveniles formed 76 percent of 541 birds
recelved (table 1}). As an estimate of first-year
mortality this Is 14 percent higher than ihe 62
percent caiculated by Glue {1971} from 320
ring recoveries from a longer run of years.

In our sample, juveniles predominated in the
August-Novemnber period but declined in pro-
portion thereafter, so that the two age groups
had partly different periods of mortality. The
number of juveniles received each month
reached a peak in the autumn {November}
whereas the number of adults reached a peak
in late winter (March). Of 968 owis in which
the sex was recorded, 495 (51 percent} were
males and 473 (49 percent) were females, a
ratlo not significantly different {rom unity,
There was no evidence for a change in the sex
ratio of casualties through the year {table 1},
except that more males than females were
received In the breeding season. This could be
attributed to the sex difference in breeding
roles ithe male does the hunting while the
female tends the eggs and youngj.

25, y
Adults, 1958-96

204 N=i29

20| MN=412

Percentage of birds

25,
All birgs, 1863-96
204 N=1104

155
19

54—

Figure | .—Percentage of Barn Owl (Tyto albag)
carcasses_found in Britain in different
monihs. The lower diagram includes all
birds received over ihe 34 year study period,
and the others refer separately to first-year
birds and adults respectively, which were
distinguished from 1988,

Because some lmportant prey species {notably
Microtus agrest!s) of the Barn Owl lluctuate in
roughly 3-4 year cycles of abundance, one
might have expected some cyclic variation in
the number of owl carcasses received at Monks
Wood. This was not apparéent on a national
scale, however, and too few carcasses were
obtained from particular reglons to check for

more loca} cycles in mortality,
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Table 1.—Sex and age ratios among Barn Owls (Tyto alba} in Britain found dead in differen] months.

1963-1996 1988-1996

Male Female Juvenile Adult
January 55 48 51 L}
February 39 64 43 22
March 70 T0 35 28
April 32 32 23 7
May 20 10 6 4
June 13 10 8 6
July i4 9 il 5
August i4 19 27 3
September 37 38 45 10
Ociober 47 62 48 2
November 35 76 73 4
December 29 Al 42 A2
Tousl 493 473 412 129
Percent 51% 49% 6% 24%

Mortailty Causes

Over the year as a whole, 54 percent of all re-
corded deaths were atiribuiable to some form
of collision or other z2ccident (table 2], Within
this category the most prevalenl were road
traffic victims, which formed al least 45 per-
cent of all deaths. Minor causes included other
forms of travma, drowning in water-{froughs,
and electrocution,

‘Natural' causes accounted for 31 percent of all
recorded deaths. The most important was
starvation (26 percent of all deathsl, followed
by disease/parasltism 13 percentl, and then
predation (2 percentl. Most ol the diseased
birds were also lhin, so it was often uncertain
whether food-shortage or infection was the pri-
mary cause of death. Several birds classed as
diseased had extensive lesions on the kidneys,
liver or heart, others had infected lungs, whilie
in one the digestive lract was heavily infested
with nematode worms. The only predators
identlfied with certalnty were domestlc cat and

Table 2.—Recorded causes of deaths in Barn
Owls (Tyto alba} found dead In Brllain
durlng 1963-1996,

Number Percent
Nawral causes 328 30.7
Sarvation 235 258
Disease 35 3.3
Pradation 13 1.7
Accidents 573 337
Road casualties 477 447
Other irauma 80 7.3
Drawned 2 1.1
Electrocuted 4 04
Other human-related causes 76 7.1
Poisoned 65 6.1
Shot 11 1.0
Unknows causes 90 .4

dog.

0.'9!:{!’\ ¢-
v in @3

The remaining birds had been shot (1 percent), .

or were dlagnosed as victims of organochlorine
pesticide (mostly dieldrin) polsoning (5 per-
cenl), or rodenticide polsoning (1 percent), All
the birds tested for organochlorines had rest-
dues in their llvers but mostly at levels con-
sidered to be sublethal., Of 81 birds dlagnosed
as aldrin/dleldrin victims, 10 had HEQD levels
03(23-10 ppm in liver, 29 had levels of 10-20

3

ppm, 8 had levels of 21-30 ppmn, 3 had levels of
31-40 ppm, and 1 had 44 ppm (Newton et al.
19911, All these birds (including those with
less than 10 ppm HEOD In Yver] had other
symptoms of organochlorine polsoning (most
often convulsions prlor to death), and no other
obvious cause of mortallty. In additlon, two
road traffic victims had 11 and 14 ppm HEOD,
in their livers, so in the absence of the colllslon,
they might have died anyway from polsoning,




204
BA# Organochicrines

{2 Rodenlicides

Percentage of birds
)

» e SO OO0 B
63-70 T7T1-80 81-90 91-86

Figure 2.—Proportion of Barn Owls (Tyto alba)
examined in Bri{ait whose deaths were
attribufed fo organochiorine or rodenlicide
poisoning In four successtve periods.

The geometric mean HIEOD level in all these
birds was 14.3 ppm. Two other deaths were
attributed to polsoning by heptachlor epoxide,
and were associated with liver levels of 14,4
and 26.0 ppm HE, and two to poisoning by
DDE (130 ppm and 270 ppml. The latter also
contained 53 ppm of TDE, another breakdown
product of DDT. In addition. one of the birds
classed as a HECD victim also contained 700
ppm DDE. Some of these apparent pesticide
victims were thin, so that loss of body fat may
have contributed to high residue levels in the
liver INewton et al. 1891},

Rt

des

Of 557 birds examined during 1883-1994, 132
(24 percent} were found to contaln residues of
rodenticides, elther difenacoum, brodifacoum,
bromadiclone. flocoumalen or more than one of
these compounds (table 3|. Moregver, the pro-
portion of birds in which resldues were detect-
ed increased over the years, reaching around
32 percent in 1993-1994. This reflected the
increasing use of these chemicals as warfarin
replacements and showed that Barn Owls have
become increasingly exposed to them.

In.total,-however, only eight birds were diag-
nosed as having died of rodenticide potsoning,
In the seven that shawed typical hemorrhage
symptoms, the following residues (mg kg'' }
were detected in livers: (1] 0.13 bromadiclone,
(2) 0.05 bromadioclone plus 0.003 flocoumafen
plus 0.002 brodifacoum. (3} 0.17 difenacoum,
(4) 1.07 bromadiolone, {5) 0.87 brodifacoum, (61
1.72 bromadiolene plus 0.07 brodlfacoum, (7)

Table 3.—Percentage of Barn Ol {Tyto alba)
from Britain that contained rodenticides in
different periods.

Number { percent}
containing residues

Number of
owls analyzed

1983-1984 18 I (6)
1985- 1986 75 9(12)
1987-1988 61 8(13)
1989-1950 133 31(23)
1991-1992 139 41(29)
1993-1694 131 42(32)

Significance of variation berween periods: x*, = 20,4,
P < £.001,

0.33 bromadioclone. The eighth bird, that
showed no hemorrhage symptoms, contained
0.42 mg kg' brodifacoum. It was classed as a
rodentlelde victlm beeause of the relatively high
brodifacoum level present and because it show-
ed no other obvious cause of death.

M
Surprlsingly, there was little seasonal variation
in the prevalence of different forms of mortality.
apart from the HEOD victims which came
mainly in spring. Road and other accidents
were the main form of loss throughout the year,
and starved birds were found in every monlh,
even In May-July. Although the birds examin-
ed might have lost weight through water loss
by the time they reached us, the recorded
weights should be comparable bhetween dif-
ferent categories. Restricting analysis to the
period October-March, outslde the main breed-
ing season, when welghts of live blrds are
relatively stable (Tayior 1989), aceldent victims
were the heaviest, while not unexpectedly those
dlagnosed on appearance as starved were the
lightest (fig. 3}. Among accident victims, males
averaged 291 g and females averaged 5§ percent
heavier at 305 g. Most birds of both sexes that
were classed on autopsy as starved welghed
less than 240 g, and the average weights of
starved birds of each sex was about 30 percent
less than accident victims. Birds diagnosed as
aldrin-dieldrin casualttes were generally Inter-
mediate in weight between accident birds and
starved birds |Newton ef al. 1991], possibly
because they had become Immeobilized some-
tirne before thely death. There was no obvious
sex bias in any form of mortality, Including
drowning, which in Shawyer's {1987) sample
was confined to females, 303
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55,
s0{ Accident victims
mean = 291grams
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Female

L 1
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mean = 305grams
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Starvation victims
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Flgure 3..—Body weight durlng October-March of Barn Owls (Tyto alba} in Britain whose deaths were
attributed by autopsy to accldent {trawma) or starvation.

Some causes of death ¢hanged progressively in
frequency over the years. Road casualtles
formed only 35 percent of the sample in 1963-
1970 but had increased to 50 percent In 1991-
1996. Organochlorine pesticlde casuaities
declined from 20 percent in 19631970 to 14
percent in 1971-1980 and to nll in 19278- 1996,
although only 50 randomly-related birds were
analyzed after 1977, Other causes of mortality
changed in proportion. but with no consistent
trends.
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Frequency of Rodenticlde Contamination

The dates from whlich various second genera-
Hon rodenticides were used in Britain are given
In table 4, along with thelr toxicliies to rats and
mlce, compared with warfarin. 1n terms of LD,
values {lethal dose for 50 percent of a sample,
expressed as mg kg’ body welght), the new
chemlcals are roughly 10G-1,000 Umes more
toxic than warfarln. 1t is the comblnatlon of
greater loxiclty and greater persistence which
gives the potential for secondary polsoning of
rodent predatoers.

. : = ¥ T T T T L
<180 200 220 24C 260 280 300 320 340 260 380 >380




Table 4. —Toxiclties of some rodenticides.

Year of Letha) dose {mg ko' }
introduction Rat Ytouse
to Britain
Warfarnn 1952 [85 375
Difenacoum 1975 1.80 0.80
Bromadiolone 1980 0.55 0.99
Brodifacoum 1982 (.26 0.40
Flocommafen 1986 0.25 i.13

Their increased frequency in Barn Owl livers
over the period 1983-1994 follows from 1heir
increased usage, as they have gradually replac-
ed warfarin and other 'first generation' rodenti-
cides. Moreover, the different chemicals have
appeared in Barn Gwis in proportion to their
usage (tabie B). it seems that our monitoring of
residues has given a good reflection of changes
in usage. and hence in exposure, of the British
Barn Owi population.

DISCUSSION

The carcasses received probably did not repre-
sent a random cross-section of Barn Owi
deaths bul were biased towards those forms of
mortality most readily detected by peopie.
Ringing recoveries, which are often used in
mortailty studies, are blased in the same way,
bul our records had the additional information
provided by autopsy and chemical analysls,
thus revealing the significance of cerfain pesti-
cides. They also revealed changes in the rela-
tive importance of different types of mortality
over the years.

In important respects, our findings agree with
lhose of Glue {1971}, Shawyer {1987) and
Hardy et al. 19821, aiso based on carcasses’
found by people. Similarities include [ 1) the
marked seasonal pattern in recorded deaths,
with peaks In autumn (due mainly to juveniies)
and in late winter {due to both adults and
juveniles), {2) the importance of colilsions,
especially with road traffic, as the major cause
of reported deaths, foliowed by starvation, and
{3) the lack of seasonal variation in the reiative
importance of the main causes of reported
deaths.

Over the years, the proportion of recorded
deaths attributed to road traffic increased:
from 6 percent in 1910-1954 and 15 percent in
1955-1969 (Gilue 1971, based on band recover- .
iesi, to 35 percent in 1963-1970 and 50 per-
cent in 1991-1996 {our data). This Is (nost
readily attributed to the increasing numbers of
roads. and the increasing number and speed of
road vehlcles over the perlod concerned. Asso-
ciated declines in the incldence of other forms
of reported mortality are notabie for organo-
chlorine potsoning, which feil from 20 percent
in 1963-1976 to nii in 1981-1996, and for
shooting, which fell from 12 percent in 1910-
1954 to 5 percent in 1955-1969 (Glue 1971), to
1 percent in 1963-1996 {our study). The fact
that few owls (n=5 in our study) were reported
from raliways is presumably because the
tracks carry less traffic than roads and are less
frequented by peopie able to pick up carcasses.

Accldent victlms were presumably over-
represented in ali these studies, because of
ease of finding, while deaths from natural
causes (especlaily predation) were under-
represented. Some of our owis which died

Table 5.-—Rodenticide use and Barn Ow! (Tyto atbaj contamination in Britain.

Arable Livesteck Barn Owls*

farms’ farms'
Number examined 565 45% 449
Number with rodemicide 43§ 404 120
Difenacoum 62% 54% 63%
Bromadiolone 2% 37% 40%
Brodifacoum 5% 7% i4%
Flocoumafen 3.5% 1.5% 5%

' Based on a questionnaire survey of randomly selected farms, 1988-1989 (Olney 1991a, 1991b).

? Based on Bam Owls examined in [988-1994,
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from accidents were of normal welght and good
condltlon. But others were thin, and at least 4
percenl of maie and 7 percent of female trauma
victims welghed as little as starved birds. Poor
conditton may pre-dispose Barn Owls to acci-
dents if It la} leads them (¢ spend more total
time hunting, (b} leads them to spend relatively
more time hunting In places where accldents
are ltkely, such as road verges, or {c) makes
them less able to avotd colltstons, For such
birds accldents are the secondary, rather than
the primary. cause of death. The distinctlon Is
important because it Implies that acctdents
have less effect on the populatton than their
reported frequency would suggest. None-the-
less, most accldent victlms were of normal
weight, so would presumably have lived consid-
erably longer wtthout the accident.

The seasonal pattern of reported mortality was
more or less as expected {rom seasonal
changes in population and food-supply (Taylor
1989}, The May-July trough in recorded
deaths coincides with the main period of
breeding. when food is readily avallable and
females are largely confined to their nests. The
rise in mortality. from August to November,
occurs when the Barn Owl population reaches
its annual pcak. through breeding. Such
mortaltty falls mainly on the juventles in the
period when they become independent and
disperse, As the breeding season extends in
some years into November, the transltion-
dispersal perlod for the young ts also spread
over several months. Reported mortality re-
mains high throughout the winter, but adults
form a much greater proportion of casualties In
February-March. By then the ow! population ls
lower but the food-supply Is also approaching
tts annuaf trough, perhaps deepened in some
years by snow cover, and evidently leading to
more {requent slarvation and collistons.

{_‘} i .!ncrilj{‘.f’;:lés
' Chemical analyses confirm that aldrin-dieidrin

potsoning accounted for a large proportion of
recorded Barn Owl deaths In the 1960s and
1870s. The owls examined conlained some of
the highest aldrm-dteldrin and heptachlor
levels found in any birds of prey in Brltain,
including some on a par with the highest levels
found in Sparrowhawks (Acclpiler nlsus)
(Newton 1986), Lethal HEOD levels, found In
owls which had other symptoms of organo-
chlorine polsontng. but no evidence for any
other cause of death, were In the range 6-44
ppm. with a geometric mean of 14 ppm. That
these pesticldes may have caused a declme in
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Barn Owl populations in such regionus is sup-
ported by survey results, Thus, Prestt (1965}
found evidence for a decline in Barn Owl
nurnbers, which was most marked in eastern
countles, in the period 1956-1962, fotlowing
the introductton of heptachlor, aldrin and
dieldrin In agriculture. Heptachlor was with-
drawn in 19864, and few Barn Qwl livers exam-
tned after 1966 contained more than 0.5 ppm
of residue. But aldrin and dteldrin remained In
common use untif 1976, after which they were
much restricted. All the organochlorines men-
tioned in this paper were banned completely
from 19886, so thls source of mortality can be
assumed to have disappeared.

solonTicle

The increasing contaminatlon of Barn Owls
with second generation rodenticides over the
past 15 years was expected [rom the Increasing
use of these chemicals, which are gradually
replacing warfarin and other first generation
rodentictdes. In 1993-1994. about one-third of
all Barn Qwls recetved contained measurable
residues of one or more compounds, but only a
small proportion of blrds (up to 3 percent of the
total} contained residues large enough to have
killed them. Wlth yet further tnereases in
usage, however, these chemlicals could become
a more Important cause of mortality In the
futurc.
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